Computer-Supported Collaborative Learning (CSCL) is the field concerned with how Information and Communication Technology (ICT) might support learning in groups (co-located and distributed). The chapter surveys key studies, common technologies, and significant events in the field. It presents basic concepts, multiple perspectives, and emerging trends in CSCL. A main distinction is drawn between the systemic and the dialogical approach to research. The former is rooted in the cognitive perspective on learning and the latter the sociocultural perspective on learning and development. Design-based research is prominent in the field and we differentiate pedagogical and technology design as two means to scaffold research, collaboration and learning.
Introduction
Computer-Supported Collaborative Learning (CSCL) is the field concerned with how Information and Communication Technology (ICT) might support learning in groups (colocated and distributed). It is also about understanding the actions and activities mediated by ICT. Educational applications range from generic collaboration environments (e.g. forums) to tools for developing domain-specific knowledge. The research questions addressed in CSCL include how individuals learn with specific tools, how small groups interact and develop shared meanings over time, how institutions change and create new conditions for teaching and learning, and even how the opportunities for learning change as society adopts new models for education. Societies increasingly require new types of knowledge, new means of knowledge advancement and, consequently, new models of education.
To account for the multiple perspectives associated with CSCL without risking oversimplification, we adopt a socio-cultural approach in order to present the main concepts and results. In particular, we make use of two overarching conceptsscaffolding and mediating artifact. Scaffolding is an instructional technique whereby the teacher models the learning task, then gradually fades away and shifts responsibility to the students. In collaborative learning, students might also take on this role. By a technological scaffold, we mean features built into educational technologies that perform similar functions (e.g. guidance in virtual collaboration).
Related to scaffolding is the concept of mediation, proposed by Vygotsky (1986) . This implies that technology for teaching and learning first of all is a mediating and enhancing artifact. A special type of mediation we explore in this chapter is the relation between design-based research and innovative CSCL tools (Collins, Joseph & Bielaczyc,
Background
CSCL is a new and emerging field in the educational sciences (Stahl, Koschmann & Suthers, 2006) . The term was first publicly used at an international workshop in 1989 in Maratea, Italy. The first international conference was organized in 1995 (Koschmann, 1996) , and since then a biannual series of CSCL conferences has been arranged across Europe, North America and Asia. In 2006, the International Journal of Computersupported Collaborative Learning (ijCSCL) had its inaugural issue.
Broadly speaking, there are two main traditions within the learning sciences: cognitive psychology and the situated/socio-cultural perspective. The former is based on the information processing perspective (e.g. Anderson, 1993 ) and the latter on American pragmatism (e.g. Dewey, Mead, Garfinkel, Schön,) and Soviet psychology (e.g. Vygotsky, Leontiev, Luria, Wertsch). In CSCL studies, methods and techniques from both traditions are used and sometimes blended (e.g. interaction analysis). However, within each tradition there are unique interpretation of key concepts, methods and empirical design.
Technical advances in computer science have contributed to CSCL in various ways. For example, researchers in Computer Supported Cooperative Work (CSCW) have developed groupware systems that have been adopted for educational purposes (e.g. Stahl, 2006) . Groupware provide shared spaces (Bannon & Bødker, 1997) on the WWW for storing and sharing information (messages, documents, pictures, videos) and engaging the learners in social interaction (Girgensohn & Lee, 2002) . When adopted in schools they allow teachers and learners to interact online using a variety of communication and collaboration tools. Examples of shared spaces are BSCL (Stahl, 2006) , FLE (Muukkonen et al 1999) , and Knowledge Forum (Scardamalia & Bereiter, 2006) .
The relationship between computer-support (CS) and collaborative learning (CL) in CSCL is complex as a result of the broad scope of the research questions, the multiplicity of approaches and the plethora of educational technologies. This complexity needs to be unraveled in order to provide a more comprehensive account of the field. Although technology has had an enormous influence on CSCL, educational technologies should not be thought of as recipes for how to organize teaching and learning. Similarly, the term "collaborative learning" does not imply that learning in small groups is better than individual learning. Findings indicate that detailed analyses of interaction are necessary to understand how collaboration is carried out (Arnseth & Ludvigsen, 2006) . In other words, it is not a question of an either/or situation, but rather how to identify specific situations that require mastery of new skills and design pedagogical and technological scaffolding for those situations. The common denominator is Vygotskian epistemology that social interaction precedes learning and cognition at the level of the individual. To design for this requires CSCL tools that foster social interaction and ease the transition from social interaction to learning and development. In this way, CSCL both represents a subfield in educational research and broadens the scope of educational research since it interacts with computer science and information systems.
Research approaches in CSCL
We have grouped mainstream CSCL research into systemic and dialogical approaches (Arnseth & Ludvigsen, 2006) . This distinction gives us the possibility to provide a more aggregated picture of what we know about research in CSCL.
Systemic approach
The systemic approach concerns the generation of models of how specific features of technological systems support or constrain collaboration, reasoning, knowledge representation, and structure of discourse (Dillenbourg, 1999) and to what extent these features will enhance students' capacities to solve problem in different domains (Arnseth & Ludvigsen, 2006) . From a systemic approach, the analytic purpose is to identify interdependencies between quantifiable variables. The unit of analysis is the individually acting and thinking agent, and two important cognitive processes are internalization (acquiring new or improving existing knowledge) and transfer (what is learned in one situation is applied to another similar situation). Models (often computer generated) of how individuals construct, store, retrieve and modify information serve as explanations of these phenomena (Anderson, 1993; Greeno, 2006) .
Using a systemic approach in a traditional classroom setting in mathematics and reading, Lamon et al. (1996) demonstrated that students with CSCL tools performed better than students without such tools. The Jasper project (The Cognition and Technology Group at Vanderbilt, 1990) also reported similar results. The researchers in this large project studied the impact of educational technology on mathematics education in North America. They found that cooperative problem solving and discussion helped to engage the students in learning. In Europe, Fischer and colleagues have studied how different types of scripts and tasks impact students' collaborative learning activities (Fischer & Mandl, 2005) . Technological (computer supported) scripts were used to scaffold actions, and social scripts, such as role distribution, were used to organize turn taking. The authors found that scripts were useful for scaffolding learning and knowledge construction. However, these finding did not hold for all types of conditions (these conditions will be further discussed in the last section of this chapter).
One of the most influential approaches within the systemic approach is knowledge building developed by Scardamalia and Bereiter (2006) . Knowledge building is a model for distributed collaborative learning that is based on how professional scientists work to solve problems. The authors developed CSCL tools to support knowledge building (CSILE, Knowledge Forum). The latest version includes a webbased shared space (WebCSILE). A further development of the Knowledge Forum is the Future Learning Environment (Muukkonen, Hakkarainen & Lakkala, 1999) .
The activities students engage in when doing knowledge building can be formulated as a scientific inquiry process, and many studies have been conducted using this approach (e.g. Hewitt, 2001 ). The phases of scientific inquiry include problem identification, proposing personal theories or hypotheses, experimentation, critical evaluation, data interpretation, scientific explanation, and summarizing. The studies in this area demonstrate that students who are engaged in knowledge building develop a deeper understanding of the domain under study. However, not all students benefit (Ludvigsen & Mørch, 2003) . This may be related to the approach used, since a shortcoming in many of the studies is the timeframe adopted, which may range from a few hours to a few days. A consequence of this brevity is that conversational data is analyzed without taking into account the historical context of the interaction, which unfolds over time. The implication of such an approach is that the students' learning trajectories becomes less visible in the analysis (Crook, 1998; Rasmussen, 2005) .
de Jong (2006) summarized recent research in scientific inquiry learning. He found that a number of students learn more effectively and develop deepening knowledge when supported with CSCL tools. The recommendation de Jong proposes is that it is possible to design scaffolding mechanisms into CSCL environments that enhance students' learning. On the other hand, the results also show that most students have problems using predefined structures and processes adopted from professional science. An explanation for this difficulty is that the students do not have sufficient background knowledge to grasp the significance of the scientific inquiry process, and prefer instead to use everyday interpretations of scientific phenomena. Using a professional model of science to scaffold a learning environment provides certain kind of insight, but it also generates new problems that are not easily explained with a systemic approach.
In summary, the systemic approach gives useful guidelines for how we can build scaffolds for cognitive processes like hypothesis generation, data interpretation, and scientific explanation. However, this model-based approach to learning and cognition needs to be supplemented by a situated approach from a social and cultural perspective to provide a full account of CSCL.
Dialogic approach
The dialogical approach is based on the idea that learning is a socially organized activity. The unit of analysis is a group of individuals interacting to accomplish a shared goal. Key concepts are mediation, artifacts and tools, and social practice, and mediation by tools to support learning is essential. It is through talk and interaction with significant others that we can understand how participants use tools and resources in learning and cognition. Externalization is seen as the main cognitive activity. The dialogic approach is influenced by research in situated learning and socio-cultural perspectives (Greeno, 2006 Wertsch, 1991) . A basic premise is that both physical and abstract tools mediate human activities, and the main abstract tool is language (Vygotsky, 1986) . The use of tools for learning is not only goal driven, but can also be seen in connection with how tools connect us with the past (predecessor artifacts) and with the future (unexplored potentials). The tools span both spatial and temporal dimensions.
In a study performed by Mercer and Wegerif (1999) , students were exposed to a set of ground rules for communication. These rules included the use of arguments, disputes, clarifications, and explanations. The students and teachers were trained to talk together in specific ways in order to develop shared knowledge about a specific phenomenon of interest. In a series of interventions, the ground rules became a focus of the inquiry and previously implicit structures, like norms for participation, became explicit and transparent. This increased the probability for a kind of talk Mercer and Wegerif (1999) refer to as exploratory talk. Exploratory talk is characterized by the mutual development of problems and ideas over time as a result of elaboration and reflection. They designed learning environments and new types of tasks to support these activities to promote more productive interactions in classrooms. It is further suggested that productive interaction needs to be understood not only as sequences of interaction, but as part of a broader context of institutional activities and socio-cultural developments (Crook, 1998; Arnseth & Ludvigsen, 2006 ).
An example of a micro-study using the dialogic approach is the study of the effects of copy and paste on learning productivity. The cognitive effort involved in using copy and paste for text production and school presentations is low. As a result, many students use this technique uncritically. Some scholars have argued that it does not promote learning and should be discouraged (Hewitt, 2001; Kumpulainen & Wray, 2002) . Using the dialogic approach, we can study this phenomenon in conjunction with how participants use the tools they have at their disposal to identify how the talk among the participants unfold as result of tool mediation and emergent intermediate processes. Rasmussen (2005) found that students used copied texts as resources to deepen and broaden their understanding of the subject they studied.
Another finding concerning the use of the dialogic approach is that tasks are often open-ended and cannot be taken for granted (Rasmussen, 2005) . When studying how talk emerges in interaction as an analytic approach, the task needs to be constructed among the participants (Linell, 1998) . The effect of this is that understanding the task becomes a learning activity in its own right, and this will stimulate the development of a higherorder skill (task conceptualization). When we assume students working together share goals, task re-conceptualization should be seen as an outcome of the activities rather than part of the premises for working together.
Suthers (2005) has identified intersubjective meaning making (Rommetveit, 1992) as one of the unique areas that CSCL is well equipped to support, and he suggest CSCL researchers undertake studies that attempt to understand how intersubjective meaning making impact learning and how it can be mediated by technology affordances (Norman, 1999) embedded in CSCL tools. Suthers (2005) defines intersubjective meaning making as joint composition of interpretations of a dynamically changing context. With this proposal he provides a bold attempt to go beyond an information sharing conception of collaborative learning. Technological affordances for exploratory learning and joint problem solving are proposed to support this process.
In summary, a dialogical approach to CSCL provides new analytic concepts to analyze how students and teachers interact in collaborative learning. The dialogic approach gives broader insights and explanations concerning the development of traditional skills, and pays particular attention to skills such as those for communication, coordination, information sharing, collaboration, negotiation, critiquing, and decisionmaking, and how to design CSCL tools to support these activities.
Design-based research

Pedagogical design
Design-based research (DBR) has influenced research methodology in CSCL. DBR provides a solution for one of the dilemmas that confront researchers in the field. On the one hand, understanding how people learn, particularly within school settings, and on the other designing ways to better ensure that learning will happen in these settings (Brown, 1992; Collins, Joseph & Bielaczyc, 2004) . The development of DBR has been on theoretical and methodological levels. On the methodology level DBR suggests partnerships among researchers and educators with the goals of conducting rigorous and reflective inquiry, testing and refining innovative learning environments, and defining new design principles based on previous research (Sandoval & Bell, 2004) . On the theoretical level design principles is the practical application of what we know about learning. As such, DBR does not provide direction for which research approach would be appropriate. Both the systemic and the dialogical approaches could be used.
Technology design
The link between DBR and technology design is harder to establish. This is a result of the focus on theoretical and methodological issues (not well integrated with technological issues) and the difficulty involved in creating design principles that are practically useful for technology developers. There is an implied link between design principles and technological affordances in that the latter propose solutions to the former. However, this is a normative assumption upheld by some CSCL researchers, arguably strongest in the systemic tradition. Although many educational researchers agree that the basic principles of the socio-cultural approach are important for the design of learning environments, the adoption of these principles have been hampered by a complex chain of elaborations before the principles can be used for developing specific tools. This is an important area for further work in CSCL (e.g. Suthers, 2005) .
The basic idea of design principles in DBR is that we make use of what we know about previous research on learning when we design new learning environments. Although there is not an exact correspondence between the design principles proposed based on previous empirical studies and the design of an innovation for a new setting, the idea that the designers try to support the learning processes and anticipate its outcomes in specific directions is likely to succeed over time. For example, the principle of "deep learning" can be found in many CSCL-environments, in various forms (e.g. One debate among technology developers concerns the degree to which computerized feedback should simulate or provide higher-level representations of user interaction data before output (feedback, guidance) is generated. Soller and colleagues (2005) suggest three levels of feedback: mirroring (awareness), meta-cognitive tools and guidance. This gradually increases the system's interpretation of the user data and consequently requires the users to be equally critically aware of the feedback presented.
Another debate is to what extent automated feedback should be proactive, reactive or latent (Mørch et al., 2005) . A system that provides sentence openers and step-by-step guidance is proactive. If it allows "wrong" actions to be taken before it gives hints and critique, it is reactive. If the system does not take any suggestive action on its own at all, but allows the learner to request guidance upon demand, it is latent (Mørch et al., 2005) . All three intervention strategies are important in CSCL environments, but not at the same time. The equation for balancing the three strategies depends on the complexity of the knowledge domain to be supported (e.g. the severity of making a wrong move vs. stimulating explorative learning) and the choice of research approach (systemic vs. dialogic).
Open issues and directions for further work
In the 1990s, many people discussed how technology and the Internet would revolutionize schools and educational institutions. Now, after a ten-year period, these assumptions' seems rather opaque and romantic. The CSCL research has, to a large degree, provided insight concerning which condition we can expect students to develop deep knowledge using innovative technology support. A reasonable interpretation for the CSCL field across the different traditions we have surveyed in this chapter, emphasizes that such capacity needs to be cultivated over a number of years, and it is dependent on how the learning environments is designed, the social norms of the actors involved, and the institutional settings (Krange & Ludvigsen, 2008) .
Two of the more general tendencies in complex CSCL environments are, firstly, that teachers and students need to engage deeply in specific problem-solving activities in order to learn concepts that are part of their actual knowledge development. The second tendency is that such deep engagement often involves disagreement, identifying problems and conflicting ideas that needs to be resolved (problematizing), providing explanations, negotiations, etc. However, disagreement is not always a necessary condition. In exploratory talk, for example, reciprocal elaboration also serves as a means for engaging in deep learning. We need to conceptualize tensions, breakdowns, alignments, and elaborations as basic activities for learning to become productive for students over a long period of time.
Improving educational settings with the scaffolding techniques for collaborative learning is one of the aims of CSCL. This improvement includes pedagogical and technological support for problematizing tasks, hypothesis generation, elaboration, judgment about resources from the Internet, interpretation of data, evaluation of performance (meta-cognition), deliberate perspective shifts, etc. This is likely to be accomplished by scaffolding at the level of action and activities in classrooms, and supported by CSCL tools. The approaches developed by the CSCL community deal with micro-level phenomena and educational practices as seen from the teachers' and learners' points of view. In this way, CSCL has contributed to how schools can become better places for teaching and learning, and it is through the adoption and use of technology as a mediating artifact that it has achieved this status (Rasmussen, 2005; de Jong, 2006; Scardamalia & Bereiter, 2006) . The historical tensions between "old" and "new" social practices create grounds for further development. It is the cognitive, social, historical and institutional aspects, in combination, that must be taken into account in order for us to understand how we can improve the learning condition for students.
The systemic and the dialogical approaches to CSCL provide directions for how educational practices can and should be changed. However, an ongoing issue concerns how to constructively combine them. Carefully designed (e.g. model-based) CSCL environments are important for improving our understanding of learning with ICT-tools, but the analysis should be done from multiple perspectives, drawing on a broader set of student skills. Only by taking multiple perspectives as a starting point can we identify commonalities across approaches that enrich our understanding of social interaction, of learning and cognition, as well as how to design new learning environments that enhance both productive learning and cognitive performance.
